In several animal species a sublethal dose of x-rays, from 100 to 200 R on, causes maximum depression of the primary antibody response if antigen is injected 1-2 days after total-body irradiation. The depressive effect of sublethal doses of x-rays is transient, however; recovery starts at 1 week and may be complete 2 months after radiation doses as large as 500-700 R (1).
In several animal species a sublethal dose of x-rays, from 100 to 200 R on, causes maximum depression of the primary antibody response if antigen is injected 1-2 days after total-body irradiation. The depressive effect of sublethal doses of x-rays is transient, however; recovery starts at 1 week and may be complete 2 months after radiation doses as large as 500-700 R (1).
Recovery of the immune system after a supralethal dose of x-rays can be achieved by transplantation of hemopoietic cells. Animals so treated are denominated chimeras because they possess, often for their life span, cells of graft origin (2) . Antigenic stimulation of radiation chimeras may result in antibody production by cells of donor type (3) . Recovery of the antibody response of bone marrow chimeras is faster in syngeneic than in allogeneic combinations. In some experiments, the antibody response of syngeneic chimeras could attain normal levels when antigen was injected 30-60 days (4) or 60-90 days (5) after bone marrow transplantation. In other experiments, however, the antibody response of syngeneic chimeras immunized 16060 days after transplantation was still subnormal although higher than the response of allogeneic chimeras-of the same age (6) . The lower antibody titer observed in allogeneic as compared to syngeneic chimeras was attributed to incomplete repopulation of the immune system, although it could not be ruled out that immunologically competent cells were less efficient in antibody production when stimulated in allogeneic hosts (5) . That immunologic mechanisms are abnormally operating in allogeneic bone marrow chimeras was suggested by the finding that these animals, 90-120 days after transplantation, had a decreased ability to synthesize 7S antibodies to certain antigens (7) .
In all these studies on the antibody response in sublethally irradiated mice and in bone marrow radiation chimeras, antibody affinity was not examined. Affinity, that is, the binding Irradiation. Total-body x-irradiation of the animals was performed as described (9) . Mice were either sublethally irradiated (450 R) or lethally irradiated (900 R).
Chimeras. Within 2 hr after radiation exposure, lethally irradiated mice were injected intravenously with I ml of a cell suspension containing 1 X 107 nucleated bone marrow cells from normal donors. Suspensions of bone marrow cells were prepared in Eagle's medium as described (9) . Allogeneic chimeras were obtained using DBA donors and C3H recipients, and designated DBA/C3H. Syngeneic chimeras were of the following types: C3H/C3H and DBA/DBA. In each strain combination, donors and hosts were of the same sex. In a previous study (5) , erythropoietic and antibody-forming cells of all allogeneic chimeras prepared as the present ones and tested 60-150 days after transplantation were of donor type only. Normal C3H and DBA mice, sublethally irradiated C3H mice, and C3H/C3H, DBA/DBA, and DBA/C3H chimeras were primed by a subcutaneous injection of 0.2 ml of emulsion containing 0.1 mg of antigen, which was first dissolved in 0.1 ml of phosphate-buffered saline and then emulsified in 0.1 ml of complete Freund's adjuvant (Difco). Sublethally irradiated mice were primed either 2 hr or 30 days after irradiation; chimeras were primed 120 days after bone marrow transplantation. All animals were boosted by a second subcutaneous injection of 0.1 mg of antigen dissolved in 0.1 ml of phosphatebuffered saline on day 10 (except the chimeras), 20, 30, or 60 after priming and were sacrificed by decapitation 7 days after boosting. At sacrifice, sera from five mice of the same group were pooled. Sera from unimmunized normal C3H or DBA mice were also pooled.
Equilibrium Dialysis. The technique used to determine the serum concentration of total antibody sites and antibody affinity for Dnp-lysine was basically that of Werblin and Siskind (10) . Globulins were prepared by precipitation of each serum pool from immunized or unimmunized mice with 50% ammonium sulfate followed by extensive dialysis against large volumes of phosphate-buffered saline. For the affinity measurement, dialysis bags (Visking tubing %2 inch), sealed by two knots at one end, were suspended from plastic tubes inserted in a stopper so that the upper end of the bags was open to introduce and remove the sample. Stoppers were plugged into the necks of a series of 15 bottles each containing 40 ml of solution of the ligand, 3H-labeled e-Dnp-L-lysine (New England Nuclear), in phosphate-buffered saline, pH 7.2, at concentrations ranging from 5 X 106 to 1 X 108 mol/liter. Each stopper held a duplicate set of bags, each containing 0.1 ml of solution of globulin fraction from immunized or unimmunized mice at the appropriate concentration or 0.1 ml of phosphate-buffered saline.
Bags were immersed in the ligand solution so that its level was well above the level of the solutions inside the bags. The reaction was carried out on a rotating platform at 40 for at least 30 hr. After dialysis equilibrium was reached in each bottle, samples of 20 ,l were withdrawn from inside and outside each bag and placed in scintillation vials to which 5 ml of Bray's liquid had been added. Radioactivity was measured in a Tri-Carb scintillation spectrometer. That dialysis equilibrium had been reached was indicated by the same amount of radioactivity inside and outside the bag containing phosphate-buffered saline. The concentration of free ligand (C) was calculated from the amount of radioactivity outside the bags. The concentration of bound antibody sites (R) was calculated from the difference between the amount of radioactivity inside the bag containing globulins from immunized mice and the bag containing globulins from unimmunized mice, after the values had been corrected for volume changes inside the bags. Values of R and C obtained at the five to six higher consecutive ligand concentrations were used to calculate the concentration of total (bound and free) antibody sites (N) for Dnp-lysine in a sample. The binding data, plotted as 1/IR against 1/C, were fitted by a straight line. The reciprocal of the intercept calculated by linear regression analysis and expressed as mol/liter provided N in the globulin sample and, taking into account the dilutions involved from the preparation to the use of the globulin sample, in the original serum.
Antibody affinity for Dnp-lysine was defined as the average RESULTS None of the 50 C3H mice exposed to 450 R died during the time of the experiment. The concentration of total sites for antibody against Dnp in serum from the group of mice primed immediately after irradiation was found to rise with the time interval between priming and boosting at a slightly subnormal rate. The antibody concentration in the group primed 30 days after irradiation increased at a faster rate than normal, reached a peak above normal value, and than declined sharply (Fig. 1) . Antibody affinity in the group of mice primed immediately after irradiation increased well above normal values when mice were boosted on day 30 or 60 after priming. This enhancement of antibody affinity was much more pronounced in the group of mice primed 30 days after irradiation (Fig. 1) . Unpublished results from another series of experiments, in which C3H mice exposed to 450 R were immunized with alum-precipitated Dnp-KLH and Bacillus pertussis once at several times after irradiation, indicate that starting from 1 week after irradiation the immune system can produce, even during the primary response, antibodies with affinity higher than that of antibodies raised in normal animals (5-fold increase above normal when mice were immunized 4 weeks after irradiation and bled 4 weeks later).
The survival of chimeras at 120 days after bone marrow transplantation was much higher for syngeneic than for allogeneic chimeras, as expected (2) 20- antigen dose to number of lymphocytes is greater than in nor-_______________________ mal animals, unless the aforementioned alterations of the 15- ymphocyte population have occurred. In both groups of irradiated and unirradiated mice, antibody affinity increased with 10-/ I -< time and then decreased when the animals were boosted on day / .
60. Hence, the cellular changes leading to enhancement of affinity in irradiated mice did not alter the normal profile of 5-/ O°o maturation (13) ise in mice primed with insolubilized protein antigen after polyvinylpyrrolidone or sheep red blood cells 70-100 days after diation and then given a second injection of the antigen in bone marrow transplantation was 7-fold greater than normal ble form at several times after priming (11, 12 The enhanced ability to produce antibodies of high affinity in sublethally irradiated animals and in bone marrow chimeras may be very important for overcoming quantitative defects of antibody-producing cells and for assuring the survival of animals with immunological disorders. Monitoring of macrophage, T cell, and B cell functions during spontaneous or artificial (by transplantation of hemopoietic cells) recovery from radiation damage should be most relevant for identification of the cellular changes that provide the immune system with greater sensitivity to antigen selection for high affinity antibodies.
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